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° Summary
Stress analysis procedures are presented for fibre-reinforced metallic .
d rocket motor cases using finite-element and photoelastic techniques. N,

These techniques enable analyses of the initial winding process, inertia! ° . !
and pressurisation due to firing to be performed. Certain simplifications ,‘fc
and assumptions are introduced to resolve the complicating effects of the .~ ™~
fibre overwind and the in-flight loadings. A comparison between the two
methods for a typical motor is considered.
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1 INTRODUCTION

The selection of materials with high specific strengths, fe the ratio of
ultimate tensile strength to specific gravity, is an important feature

in the design of rocket motor cases. Maraging steel for example, with an
ultimate tensile strength of 2200MPa and a specific gravity of 8, is one
of the highest specific strength materials sultable for 'single' material
designs. Attempts to use the even higher strength steels have, however,
generated serious quality assurance problems associated, for instance,
with their reduced ductility and some motors have failed in a brittle
manner.

Alternatively, with the choice of suitable constituent materials, composite
rocket motor cases can be manufactured with specific strengths exceeding
that of any homogeneous design. A lightweight, load-bearing, aluminium
tube, circumferentially reinforced with a high-strength polyamide fibre,
is a particular example. Furthermore, if the fibre overwind is applied
under tension, the case is put into compression. This defers the onset
of tensile stresses and thereby effectively increases the firing pressure
of the motor. In spite of these advantages prestrainiaxg has potential
drawbacks. For example, experimental tests have shown that the strength
and modulus of the fibre are reduced with prolonged periods of loading.
Nevertheless, provided that adequate allowances are made for such
degradations at the design stage, the considersble increase in the
effective strength usually outweighs these drawbacks.

In the past the stress analysis of fibre-reinforced metallic rocket motor
cases hag been performed empirically (Ref 1), but during recent years

the authors have been involved in the development of theoretical stressing
procedures (Refs 2-6). This work has {nvolved analyses of the initial
winding process for both constant and variable winding strains, temperature
excursions about the ambient winding temperature and the response of the
motor when subjected to its firing pressure.

For the thin~walled cyliudrical portion of the motor analytical stress
solutions have been developed, whereas for the thicker and geometrically
more complex regions of the motor finite-element procedures have been
applied. Photoelastic stress analysis procedures have also been developed
for fibre-reinforced rocket motor cases (Refs 7-8) so that the three~-. .
dimensional effects of the geometry, which cannot dbe readily cnalyned,\é
using the theoretical procedures, can be studied. In this report the e
theoretical and photoelastic techniques which have been used to analyse
fibre-reinforced metallic rocket motor cases are reviewed and their
respective stress solutions compared for a typical motor.

2 THIN-WALLED SECTION ANALYSIS

2.1 Overwinding Analysis

When n layers of fibre overwind are wound circumferentially at an initial
winding strain ¢y, on 2 setal case of radius R the case contracts radially
owing to the external pressure of the overwind sand is thereby put in
compression. In the absence of an internal pressure the axial stress is
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zero and, assuming that the radial contraction of the motor due to the
application of each fidre layer is uniform through the overwound section,
i1t has been shown (Ref 5) that the elastic pre-stress in the 1'th fibre

layer and the case, aef(i’“) and uec(“) respectively, are given by

ope’'™ = Ege [1AF(AM)) , 1= 1,2,..0n ,

(6D
(n)
dg = - e“AFI(A,n) .
c (3 @)
where
by 1
F (A = —
1( »n) ?ti 1] ’
a3)
with the stiffness parameter A denoting
Egte
A= — .
Ecte . 4)

In these equations the quantities E¢ and E, are the Young's modulus values
for the fibres and case respectively, tg 1s the effective thickness of a
single fibre layer and t. i{s the wall thickness of the metallic case.

For ease of computation it is convenient to approximate the summation
tern ({e Fy(A,n)) appearing in Equations 1 and 2 by an analytical
expression. Using the Buler-Maclaurin formula (Ref 9) and neglecting all
first-order terms and above, Equation 3 modifies to:

-l 1+4+An
F,(A,m) 3 1n[1+*i] +

1
Hiwmy | D) )

Detailed computations have shown that for typical A values (ie A 1) the
. errors associated with this approximation are very small (of the order

0.05%).

Once the stresses in the fibres and the case have been derived, the
corresponding elastic strains follow from the uniaxial Hookean stress-
strain relationship.

2.2 Pressurisation Analysis

When the rocket motor case is subjected to its firing pressure it is a
requirement that the motor must withstand all in-flight loads without
failure or excessive deformation. Although these in-flight loads may
contain components due to inertia and sero-heat, the dominant load will
alvays be the firing pressure.
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In the overwinding analysis the axial stress was zero. However, when the
motor is subjected to its firing pressure the axial stress will, in
general, be non~zero and is given by

(R2-R,2)

Gzep © P —me. 6)

where R, is the effective internal radius (Ref 3) of the throat insert,
taking into account the non-uniform pressure distribution acting over the
nozzle region. When an allowance for inertia effects is included, Re will
contain an additional component due to the axially varying inertis force.

The circumferential stresses in the fibres and the case are also modified
when the motor is subjected to its firing pressure. It can be gshown from
a previous analysis (Ref 3) that the modified elastic circumferential
stresses in the 1'th fibre layer and the case, Oof (1,n) and Og (m

P cp
respectively, are given by

,efp(i.n) = Bge, [1-AF; (A,n)]

2
_:*A_[l-.‘z’_C[l.:_e,_]] Cte 1,200,

Tty
¢))
°0cp(n) = -E.eFi(A,n) '
R ‘BVCA '02
* te(1+nA) [+ 2 [ [ 11,
(8)

vhere v, denotes the Poisson's ratic of the metallic case and p is the
firing pressure.

As previcusly, once the stresses have been obtained, the elastic s:rains
follow from the Hookean stress-strain relations.

3 THICR-WALLED SECTION ANALYSIS

In the preceding section simple snalytical stress solutions were presented
for the thin-walled sections of the motor. Por the thick-walled and
geoustrically complex regions of the case a more sophisticated stress
analysis approach is required.

Yor complex geomstries the required stress analysis can be performed
either theoretically or experimentally. TPor a theoretical analysis finite-
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element techniques have to be adopted, whereas for an experimental study,
strain gauging or photoelastic procedures can be applied. Por experimental
studies the photoelastic technique is usually preferred since it provides
stress information at both the surface and interior points of the structure.
It also has the advantage of providing detailed information of the stress
variations in the regions of high stress concentrations taking into

sccount full three~dimensional effects of the geometry.

The finite-element and photoelastic techniques are well documented (Refs
10 and 11) and are both capable of providing accurate stress predictions.
However, the menner in which these techniques are applied to the overwound
rocket motor case is not entirely straightforward due to the complicating
effects of the fibre overwind and the in-flight loadings. Both methods

of analysis are now discussed.

3.1 Mnite-Element Analysis

For a rigorous stress analysis of the fibre-reinforced metallic rocket

motor case it is necessary to employ specialised finite-element programs
which provide facilities for accurately modelling the reinforcing properties
of the fidbre overwind and the pre-stress produced during winding. Although
such programs are under “evelopment, they are not, as yet, available for
use and it has been necessary to develop an alternative, albeit approximate,
solution procedure using existing finite-element programs.

In the theory of finite-element stress analysis there exists a technique
known as sub-structuring which enables the analysis of complex structures

to be simplified. This technique involves the replacement of part of a
structure by a set of equivalent forces, or displacements, applied to the
interface boundary of the retained portion (Ref 10). Por the overwound
motor it follows therefore that the overwind can be removed and structurally
represented by an external pressure equsl in magnitude to the interface
pressure between the first fibre layer end the metsl case acting over the
region previously occupied by the fibre overwind. The resaining structure,
a homogeneous isotropic metal case, can then be analysed by any conventional
axisymmetric finite-element prograsm.

At this stage it would seem logical to evaluate the fibdre/case 1nt¢{f9cc
pressure, Py, by first calculating the circusferential stress, a.is "),

from Equation 8 and then using the thin-walled cylinder equation give

(n)

L :!EEi._Ei *

Towever, in situstions where the iaterface pressurs p, and the applied
internal pressure p are slmost equal, it has been found from em error
anslysis for the circusforential strees (see Aamex A) that as py, approaches
P & small error in the determination of py, will lesd to & large error in
the circunferentisl stress calculation. Although the above equation
vields an fiaterface preseure within a few per cent of that predicted by

the exact Leme equations (Ref 14), sericus errore were obeerved im the
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finite-element stress solutions (in excess of twenty-five per cent) when
this estimate of p, was used. To ensure that accurate results are
generated it is vital that the more precise relationship based on the
Lame equations (see Annex A)

)2 o Ve(Ry?R,?
Ec(RpZ-R1Z)  Eg(RpZ-RqZ )

EcewAFl(A,n)tc

P
Rp24R32 4 Ro%4Ry2 3
[Ec Rp“-Ry E;zho ~Ryp ]

Pp =
(10)

is used in the finite-element analysis, where Ry and Ry, denote respectively
the internal and interfa~e radii of the metallic case and R, is the external
radius of the overwound motor, ie Ry + ntg.

In this approximate analysis the overwound section of the motor is divided
into a series of cylinders, the lengths of which are selected to take

into account the non-uniform axial stress variation due to inertia and
possible variations in the total thickness of the fibre overwind and the
case. For each cylinder the quantity R, appearing in Equation 10 is
calculated from Equation 6 in terms of the axial stress. This axial
stress consists of two components, one which is proportional to the
constant axially resolved integrated force due to the non-uniform internal
pressure acting over the nozzle region, and one due to inertia, which is
axially non-uniform. It should be noted that in the vicinity of the ends
of the overwound section of the case the cylinder apprroximation is not
strictly valid, but experimental results indicate that this method of
analysis provides a reasonable working model for this theoretical study
(see Section 4).

Since R, i{s derived from the axial stress distribution it follows that

the fibre/case interface pressure (see Eqn 10) is a function of the stress
state being calculated. The solution process is therefore iterative,
requiring an initial approximation for Ry, and hence the interface
pressure, for each cylinder, followed by a succession of finite-element
stress analyses with R, and the interface pressure being updated between
each iteration.

An initial approximation for R, for each cylinder can be obtained W
perforning a finite-element stress analysis of the motor with all in-
flight loads present, but with the overwind omitted. The derived axial
stress solution is then used together with Fquation 6 to obtain the
required Ry values with the corresponding interfacial pressures py
following from Equation 10.

Once the initial interface pressure has been calculated the isotropic
finite~elenent analysis can be performed using, in this case, all in-

flight loads together with the calculated interface pressures applied B
externally to the regions previously reinforced by the fibre overwind. i
An improved estimate for the axial stress is then obdtained and from this

s modified value for R for each cylinder is datermined from Equation 6.

UNLIMITED




UNLIMITED

The updated interface pressures then follow from Equation 10. The whole
process is repeated until the difference between successive stress
solutions is less than a few per cent. Computations have shown that
convergence is obtained within four or five iterations. This procedure
{8 shown schematically 4in Figure 1.

3.2 Photoelastic Analysis

Nozzle stresses were determined experimentally using the three-dimensional
'frozen-stress' photoelastic technique (Refs 12 and 13). The models
(twice full size) were machined from cast blanks of Araldite CT200 and a
separate model was used for each form of loading (see below). The results
were then combined by simple superposition to obtain the final stress
state. Tach stress-frozen model was sliced in both the meridional and
circumferential planes and fringe readings were taken in a standard
diffuse-1light polariscope at the inner and outer edges of each slice.

St andard techniques were used for material calibration and the motor
stresses were obtained by proportional scaling as outlined below.

The approach for each of the four forms of loading studied is dicussed
below.

3.2.1 Inertial Loading

Stresses due to the inertia loadings resulting from a) the rocket motor's
own mass and b) the fins were studied separately. The former were obtained
from a model subjected to a simple dead weight axial loading (see Fig 2).
The inertia load at any transverse plane in the motor is equal to the
product of the mass of that part of the motor between the plane and the
outlet, and its acceleration. In order to obtain the inertia streas at
any particular transverse section of the motor, the model stresses were
increased by a factor of four (to allow for model scale) and then by the
ratio of the calculated inertia load at the section to the load applied

to the model.

Stresses due to the fin-loading were obtained from a model subjected to
dead weight loads applied to metal strips fitted into each of the four
fin slots nearest the nozzle outlet. Motor stresses were obtained by
proportionate scaling.

3.2.2 Pressure loading

The non-uniform internal pressure in the motor was simulated in the model
by a hydrostatic pressure loading using a combination of glycerine and
Wood's metal (a low-melting-point alloy which is liquid at the stress-
freezing temperature). The levels of the two 'liquids’ inside and outside
the model (see Fig 3) were such that a two-slope linearly varying pressure
was obtained in the nozzle region of the motor and a constant pressure

was obtained in the cylindrical portion. The relative densicies of the
11quids were such that, in relative terms, this pressure distribution was
closely similar to that in the wotor (Fig 4). Motor stresses were obtained
from model stressas by simple scaling.
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3.2.3 Overwinding

The pre~stress resulting from the overwinding process was simulated by
shrink~fitting a series of Araldite rings on the parasllel cylindrical
section of the madel. The ring/cylinder interference was chogen 8o as to
give acceptable fringe orders in the stress-frozen model; the rings were
heated to 135°C to allow them to be fitted on to the cylinder. An
expression is available (Ref 3) for the mean circumferential stress
produced in the cylinder in terms of the relevant motor varisbles. In
obtaining the motor stresses from the model results, the wodel stresses
were scaled by the ratio of the calculated mean circumferential stress in
the motor to the observed mean circumferential stress fn the cylindrical
portion of the model.

&4 COMPARISON OF FINITE ELEMENT AND PROTOFLASTIC STRESS RESULTS

Finite-element and photoelastic results have been compared for a typical
motor case using representative material property data and in-flight
loads (see Tab 1). A typical non-uniform pressure distribution acting on
the inner surface of the motor and nozzle 18 shown by the solid line 4in
Figure 4.

Because of the complexities associated with the motor geometry and in-
£1ight loadings, certain simplifying assumptions were introduced into the
finite-element analysis. The fin slots and location holes, which could
not be modelled by the axisymmetric finite-element program, were omitted
and replaced by solid sections in the finite-element mesh. Furthermore,
to model the influence of the fins an element of representative mass was
positioned adjacent to the fins’ rear location point. The final finfte~
element mesh employed (see Fig 5) represented a compromise between solution
accuracy and computer storage. Saint Venant's principle was invoked snd
the parallel section of the motor was truncated one diameter in length
from the end of the overwound portion of the motor. A comparison between
the finite~element and thin~walled cylinder solutions showed that the
influyence of the nozzle did not extend beyond that point.

The results of the finite-element and photoelastic stress analyses are
presented in Figures 6 to 11. Selected plots of the circumferential and
maridional stress distributions at the {mner and outer suyrfaces of the
motor for the same cross section are {llustrated. A plot of the deforwed
shape obtained from the finite—elewent analysis is aleo presented in
Figure 12.

In Pigures 6 and 7 the circumferential and meridional stresses are plotted
respectively for the overwinding and inertia loading conditions. Thase

two quantities represent the dominant stresses which are produced for these
two load cases. In Figure 6, where the circumferential stress distributions
obtained from both analysses sre plotted for the fuusr surface, the stress
predictions ars, in genevsl, in good agreement. FHowever, differences are
observed for the region at the end cf the overwound section which is

¢lose to the nozzle inlet. In the finite~element snalysis the thin-wslled
cylinder equations wers used to obtain the interface pressure py for this
ragion and consequencly ‘end effect' errors may have bssn introduced.
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This method of evaluating py is an intrinsic feature of the approximate
finite~element procedure and the introduction of these errors is unavoidable.

In Figure 7, vwhere meridional stress distributions at the inner surface

of the rocket motor case are plotted for the inertia loading condition,

it can be seen that the finite-element stress predictions are again in
reasonable asgreement with the photoelastic results. FHowever, unexpected
differences occurred in the thin-walled parallel section of the motor,

and since the finite—-element and analytical solutions are in close
agreement this difference has probably been introduced through a deficiency
in the inertis wodelling used in the photoelastic analysis.

In the remaining figures (Pigs 8-11) both the meridional and circumferential
stress distributions are plotted for both the inner and cuter surfaces

for the combined loading case, ie overwinding, inertia and pressurisation.
Since the pressurisation analysis is included in the combined loading
snalysis a separate assessment of that loading case has not been presented.
Again, there is good agreement between the finite-element and photoelastic
resylts. Bowever, the following points are worth noting:

a. Tn Pigures 8 and 9, where the circumferential stress
distributions are plotted for the inner and outer surfaces
respectively, differences in the peak stresses are observed.

These differences are attributable to the coarseness of the finite-
elenent mesh smployed adjacent to sudden changes in motor geometry
and the three~dimensional effects of the fin slots and location
holes included in the photoelastic analysis.

b. For combined loading conditions there is also good
agreement between th- two stressing techniques for the prediction
of the meridional stress distribution at the inner (see Fig 10)
and outer (see Fig 11) surfaces. The differences which were
present in the inertia analysis have been carried through into
the combined loading analysis. The photoelastic predictions for
the thin-walled section consequently differ slightly from that
given by the finite-element solution.

c. Although the interface pressure between the first fibre
layer and the case can be evaluated theoretically, it is nevertheless
sn empirically unknown quantity. Consequently photoelastic stress
solutions could not be obtained for the outer surface of the
overwound portion of the motor.

S CORCLUSIONS

Stress analysis procedures using the finite—element and photoelastic
techniques for analysing fibre-reinforced metallic rocket motor cases

have been presentad. These techniques enadled analyses of the overwinding
process, inertia and pressurisation due to firing to be performed.

Cattain simpiifications and assumptions had to be introduced into both
methods. When the two procedures were applied to the stress analysis of

a typical overwound rocket wmotor case reasonable agreement wvas achieved
for all load cases studied.
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' TABLE 1 Motor Case Material Properties and In-Flight Loids Data
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Young's modulus Fibre : 93GPa
Case : 73.2GPa
Poisson's ratio of case : 0.3
Yield stress of case : H7(MPa
Density of case 2700kg /m3
Thicknesses Fibre : O.llmm
Case : 1,95mm
. Radii Interface : 46.9mm
Ef fective : 34.6mm
. Applied winding strain : 0.33%
Number of layers s 20
A ]
&
13
UNLIMITED
1
—_— ‘ "

o TR T A e

+

-

gt -

&



UNLIMITED

FIG. 1
ESTIMATE AXIAL STRESS
IN OVERWOUND SECTION
AND CALCULATE Rg
OVERWIND ANALYSIS

SOLVE EQUATION 10
FOR THE INTERFACIAL PRESSURE py,

1

FINITE-ELEMENT ANALYSIS

LOADING

i) INTERNAL PRESSURE
ii) INERTIA
i) pp APPLIED TO SIMULATE
THE OVERWIND

|

YES

HAS FINITE-ELEMENT SOLUTION CONVERGED

1No

UPDATE Rg USING EQUATION 6
WITH REVISED AXIAL STRESS
COMPONENT CALCULATED FROM FE ANALYSIS

FIG. 1

-»1 OUTPUT RESULTS

APPROXIMATE FINITE-ELEMENT SOLUTION PROCEDURE

UNLIMITED

AR .




UNLIMITED
FIG. 2
' ¢ 223mm
'\
£
3
3
3
£
b
N
Y v ¢ ¢ ¢ ¢ o o]
| ! l I l ' l !
i
(.
% 30 x 2Ib
§
k ¢ 200mm
é’ -
g FIG.2 INERTIA LOADING SIMULATION PROCEDURE
UNLIMITED




D
. w2

V] m O£

- i 2 O mm as
9 c Z
Z w <
S SN N U . U —
o % Q NS SNy
« G O II
m.. \\\\Q’O
w

«
\
\

UNLIMITED

e e — mmm———

A R R R .t

— o wm v = v - . e v - - - - - ———

A\“
]

UNLIMITED

w
e
>
fa
8
@
a
2
o)
-
3
S
=
(7))
w
[
2
w
i
a
=
[
2
Z
2
<
O
<
™
g
o




e e .

ot K.

P/P HEAD

1.0 4

0.8 -

0.6 -

0.4 -

0.2 +

UNLIMITED

ACTUAL
SIMULATED = ~=—==—~—

FIG. 4

00

e e

FIG.4 PRESSURE DISTRIBUTION THROUGH NOZZLE

UNLIMITED

m—t—— - a——t




h“! T Ty - i
’

UNLIMITED

FINITE-ELEMENT MESH

UNLIMMITED

FIG.5 FINITE-ELEMENT MESH

FIG.5




UNLIMITED

(30v4HNS HINNI 31VLS ANNOMHINO ‘NOLLVLS VIXV SA SSIHLS WUNIHIINNDHD 9 Oid

0002

||||| OILSVI30L0Hd

ANINII-ILINIA

- 00L2-

- O0ve-

- 0042-

ﬁo.gpn

- 0061~
ﬁO.QN—a

.|°.8l

SJN SEIULS TVILNIHIINNDOYID

UNLIMITEDL




UNLIMITED

FIG. 7

(30V44NS H3NNI ONIAGVO1 VILHINI ‘NOILVLS TVIXV SA SSIHLS TVNOIQIHIN

0002
—

ww NOILISOd TVIXV
\ 0021

4914

- 000¢-

ﬁ0.00—-

IN3IW3T3-3LINIS

OlISVI3010Hd

00

- 0001

- 0002

- 0'00€

o erp g g MY

$dN SS3HLS TYNOIGIHIN
UNLMITED




UNLIMITED

FIG. 8

B ﬂﬂi‘}
(3DV4HNS HINNI) DNIQVO A3NIGINOD ‘NOILVYLS TVIXY SA SS3HIS IVILNIHIIWNOHID 8 Oid
Ww NOILISOd VIXV
0002 0091 0021 o008 oor 00
L 3 , 1 Y . I " i } 4 1 L, [ L, O.O
— 00S
/ ’ - o
\ 7\ L ooot &
C
i Z
S
P a
0051
i 2 o
I& -—
L > M
2
fo.oo« @ m
p ]
! m
&
- o0sz =
s
i
IN3IWII3-3LINIS
\ - 0'00€
— = === JUSY1IOLOHd \ / |
\ L 00SE
. |




FIG. 9

UNLIMITED

(30v4HNS H3LNO) ONIAYOT A3INISNOD INOILVLS IVIXV SA SSIHIS TVILNIHIIWNOHID 6 DId
Www NOLLISOd viXY

000¢ 0091 002!
L N N

A - | dh L e L

008
A

ooy 0o
T R 0o

AN3IW3TI3-3LINIA

— = === JuSVYI130.1O0Hd

|- 005

~ 0001

- 0061

BdiN SS3HLS TVILNIHIIWNOHID

UNLIMITED




UNLIMITED

FIG. 10
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ANNEX A

INTERFACE PRESSURE CALCULATION

The interface pressure (pp) between the first fibre layer and the case
consists of two components, one due to winding (py,) and one due to the
application of the internal pressure (pbp).

The winding-induced component pi; can be readily obtained from the pre~
stress produced during winding aec(“ through the thin-walled cylinder
equations in the form

(n)
= Yoc  te
Pow X ’ (A1)

which, when using Fquation 2 to eliminate °9c(n)' modifies to:

- EceyAF (A, n)t.
R (A2)

In principle it would also seem admissible to use the thin-walled cylinder
approximations tc calculate the pressure~induced interface pressure
component ppp to give

- - _ %gep(mte
Pop "P TP TR (43)

and hence

Pb * Pbw + Pbp )

Rowever, the thin-walled cylinder equations are approximations of the
exact solution, as given by Lame (Ref 14). Although the error in Pbp

is consistent with these approximations, typically less than a few per
cent, 1t has been found that under certain conditions considerable errors
in the circumferentfal stress calculations can occur when this estimated
value for pyp, is used. If an error analysis is performed for the circum—
ferential stress cg to assess the effects of small errors in

Ppp ON Og (see Annex B) the following relationship can be derived

Aog - Appp

g Ppp-PTRtc
R (AS)

vwhere Acg and App, are the respective errors in og and py,. For a thin-
walled cylinder cgtcumferentially reinforced with a fibre overwind the
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interface pressure Ppp can approach the internal pressure p, resulting

in the equation
Ade - Mpr
o] tePbp
(A6)
N From the above equation it is evident that when p and ppp, are approximately
equal the relative error in og is proportional to the refative error in

Pbp With the constant of proportionality given by R/t.. Since for thinm—
vagled cylinders R/t is typically greater than ten it follows that small
errors in the interface pressure predictions can induce large errors in
the circumferential stress calculations.

1f the interface pressure is significantly different fromw the internal
pressure, as is the situation during winding, the relative errors in the
interface pressure predictions are comparable to those of the circumferential
stress calculations. It is for this reason that it is admissible to use

the thin-walled cylinder approximations to calculate pyy,, ie Equation AZ.

In view of the previous discussion it is essential therefore that the
pressure-induced interface pressure pp, is evaluated using the Lame
equations. Omitting details it can be easily shown from a compound
cylinder analysis that the required interface pressure Pop 18 obtained
from

2 2.5 2
[ 2Ry . e’y Re?)
Ec(Rp*-R1%)  Ec(Rp“-Ry®

P
Ri24R 42 R 24R32
st * e

b“-R1%)

Pbp =

(A7)
where Ry and Ry, are the internal and interface radii respectively of the

metallic case and R, 1s the external radius of the fibre-reinforced metallic
rocket motor (ie Ry=Rptntg).
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ANNEX B
ERROR ANALYSIS

The Lame equation for the circumferential stress at the outer surface
of an internally and externally pressurised cylinder of inner radius
Ry and outer radius Ry, is given by (Ref 14)

+®
= ~p+(p-ppp) [R—%—i—[]
" (1)

where p and py, denote the internal and external pressures respectively.
1f the 1nternag

error Apbp, it follows from Equation Bl that the corresponding error in
og, ie Aoy, 1is

Ry 24Ry 2
bog = -Appp [‘_’m -~ ]
bR
(B2)

The above error can now be assessed relative to the actual stress by
dividing Equation B2 by Bl to give

Rp%4+Ry2
Aog _ “APbp —z..—R—z]

%  -pH(p-p )[ 7ﬂ1;]

(B3)
Introducing the following thin-walled cylinder approximation

Rp24R42 . R
RpE-RiZ * tg
(B4)

reduces Equation B3 to the simple form

bog _ Ap‘,2
* pbp-”’t‘%g

(35)

From the above equation the effect of errors in py, on oy can be easily
assessed. If the difference between pp, and p 1sbgarge then the relative
arror in og is comparable to the relltlve error in pyp. On the other

H
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pregsure 1s assumed fixed, but pp, is subject to some small

e
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hand 1f py, equals p then the relative error in og becomes proportional

to the relative error in p,, with the constant of proportionality given

by R/t.. Since for thin—vagled cylinders R/t, will alwvays be significantly
greater than unity the relative error in op for a small error in Ppp can
become large.
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UNLIMITED




bt —

pa—

-

REPORT DOCUMENTATION PAGE

(Qlotes on completion overlesf)

Oversll security classification of shest ....UNLIMITED. .......oooiiiiiiiiiiiiiiriieiiaruneaenennnnrnarnaosions

(As far as possible this sheet should contain omly unclassified informetion. If it is mecessary to enter
clessified information, the box concernsd sust be marked to indicate the classification ag (R), (C), or (5)).

1. BRIC Befaremce (if knowm) 2. Originator's Raference 3. Agency Referesce 4. BRaport Security
Report 4/86 Classification
UNLIMITED
3. Orxigisator's Code 6. Origimator (Corporate Author) Mame snd Location
(12 kmown)
7699000H Ministry of Defence
Royal Armament Research and Development Establishment
SA. Spomsoring Ageacy's 6A, Sponsoring Agency (Contract Authority) Name amd Locatiom
(Code (if hmowm)

7. Tidde Structural Analysis of Fibre-Reinforced Metallic Rocket Motor Cases Using
Finite-Element and Photoelastic Techniques

7A. Title in Foreign Language (in the case of translatien)

78, Pr d at (for ference papers). Title, place and date of conference

8. Author 1, Surname, initials | 9A Author 2 _.{ 98 Authors 3, 4., 1 10. Date PP ref
Margetson, J. |Groves, Al Décember 1986 29 4

11. Coptract mumber and Period 12, Project 138 14 Other Refevances.

15. Distribution statement
s

d
(/ -/ -
Dedf¥iptors (or keywords) Reinrorcanent)[structures); Fmﬁ{ el s
Rocket engines) Filamentswound materials ) Photoelasticsanalyg;s =
Fiber compositesy Composite materials,
Fiber llaminates ) Structural analysis, é

mzmtwsu’ess analysis procedures are presented for fibre-reinforced metallic
rocket motor cases using finite-element. and photoelastic techniques. These
techniques enable analyses of the initial winding process, inertia and
pressurisation due to firing to be performed. Certain simplifications and
assumptions are introduced to resolve the complicating effects of the fibre

overwind and the in-flight loadings. A comparison between the two methods for
a typical motor is considered. /L""B”’"t&:’ .
\

| TR






